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General procedures
General experimental details
All reactions were performed under Argon atmosphere with exclusion of air using standard Schlenk techniques. Formic acid (FA), N,N-dimethyl-n-octylamine (DMOA), propylene carbonate, (PC) dioxane, terc-amyl alcohol, and triglyme were refluxed and distilled following standard procedures and stored under Argon atmosphere. Heptane, toluene, tetrahydrofuran (THF), EtOH and MeOH were dried by passing through a column of anhydrous alumina using a solvent purification system equipment from Innovative Technology and stored under Argon atmosphere. Water was degassed overnight by bubbling Argon overnight. KOH, tBuOK, LiOH and LiBF 4 were used and stored as received.
1 H NMR spectra were obtained at 300 MHz (Bruker AV-300) or 400 MHz (Bruker AV-400). IR-spectroscopy measurements were performed on a Vertex-80-FTIR spectrometer (BRUKER) with a MCT detector. The sample solutions were filled in a sealed IR-cell with CaF 2 windows and an optical path length of 0.012 mm which was purged with Argon prior to use. The temperature of the cell was controlled by a thermostat at 25 °C. The spectra were taken with 256 scans and a resolution of 1 cm -1 .
The synthesis of the complex 1 was done following a slightly modification of the reported procedure 1 :
To a solution of THF (16 mL) containing [MnBr(CO) 5 ] (231 mg, 0.84 mmol), [HN(CH 2 CH 2 P(iPr) 2 ) 2 ] (308 mg, 1 mmol) was added dropwise, obtaining an orange-yellowish solution. The solution was stirred at room temperature for 15 minutes. After the reaction was refluxed for 3 hours, it was cooled down to room temperature and the solvent was removed in vacuo. The yellow powder was dissolved in toluene and filtered through celite. The product was washed with heptane and dried in vacuo.
Calculation of TON
The measured gas volumes were corrected by a blank value (gas evolution measured in a reaction performed using same conditions but no catalyst added). The turnover number (TON) was calculated by equation (SI1):
where V obs and V blank are the gas volume measured in the catalytic reaction and blank reaction, respectively. The calculation of , 2 ,25° was carried out using Van der Waals equation (equation (SI2) The equation (SI1) could be simplified when no CO 2 was released in the gas phase (MeOH and EtOH dehydrogenation) as it is shown in the equation (SI4):
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GC calibrations
Gas content was determined by gas-phase GC. A GC sample was taken from the reaction system and was analyzed by one of the two available systems: GC a): HP Plot Q / FID -hydrocarbons, Carboxen / TCD -permanent gases, He carrier gas. GC b): Carboxen / TCD / Methanizer / FID -permanent gases, He carrier gas. The gas integration was calibrated using certified gas mixtures from commercial suppliers (Linde and Air Liquide) with the following gas vol%: GC a):
H 2 : 1%, 10%, 25%, 50%, 100% CO: 10 ppm, 100 ppm, 250 ppm, 1000 ppm, 1%, 10% Figure S1 depicts the setup of activity measurements with manual burettes. 
Burette measurements
General procedure for the dehydrogenation of methanol
A solution (5mL) of MeOH and H 2 O in a ratio 9:1 (volume) containing a defined amount of base and a defined amount of additives (ligand and additional solvent) was heated to 90°C and let it equilibrate for 20 min. Then, the manganese precursor (MnBr(CO) 5 ) or the different catalysts (8.4 µmol) were added in a teflon crucible, setting this point as the starting point for measuring the evolved gas volume using a manual or automatic burette. After running the reaction during the desired time, a GC sample was taken to determine the identity of the gas components.
General procedure for the dehydrogenation of ethanol
a solution (5mL) of EtOH and H 2 O in a ratio 9:1 (volume) containing KOH (2.2444 g, 40 mmol) was heated to the 92°C and let it equilibrate for 20 min. Then catalyst 1 (4.18 mg, 8.4 µmol) was added was added in Teflon crucible, setting this point as the starting point for measuring the evolved gas volume using a manual or automatic burette. After running the reaction during the desired time, a GC sample was taken to determine the identity of the gas components.
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General procedure for the dehydrogenation of paraformaldehyde
Paraformaldehyde (120 mg, 0.004 mol) was added to a mixture of tBuOH (36 mL) and KOH (aq) solution (4 mL), obtaining a final composition of 9:1 tBuOH/H 2 O, 0.05M KOH, 0.1 M paraformaldehyde. The catalyst 1 (8.28 mg, 16.72 µmol) was added at the end. The mixture was heated and the reaction monitoring was started when the set temperature (81°C) was reached. After running the reaction during the desired time, a GC sample was taken to determine the identity of the gas components.
General procedure for the dehydrogenation of formic acid
A solution of formic acid and DMOA (11:10 molar ratio mixture, 5mL) was added to PC (5mL) in a reactor vessel. The mixture was heated to the desired 60°C and let it equilibrate for 20 min. Catalyst 1 (2.64 mg, 5.3 µmol) was added employing a Teflon crucible, setting this point as the starting point for measuring the evolved gas volume using a manual or automatic burette. After running the reaction during the desired time, a GC sample was taken to determine the identity of the gas components. Figure SI2 . GC spectra. Reaction conditions: MeOH/H 2 O (5 mL, ratio 9:1), KOH (8 M), 1 (8.4 µmol, 1.68 mM); T set : 92°C. Figure SI3 . GC spectra. Reaction conditions: EtOH/H 2 O (5 mL, ratio 9:1), KOH (8 M), 1 (8.4 µmol, 1.68 mM); T set : 92°C. Figure SI5 . GC spectra. Reaction conditions: PC (5mL), 11 mol FA/10 mol DMOA (5mL), 1 (5.3 µmol, 0.53 µM); T set : 60°C. 6.3 NMR of the methoxide species 9 Figure SI10 . 31 P NMR (296 K, 121.5 MHz, C 6 D 6 ). Addition of 10 eq. of MeOH to amido species 8.
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GC spectra
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Formic acid dehydrogenation
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Optimisation reactions
Spectrum was recorded after stirring for 1 hour. The amido species was generated in-situ by adding 3 eq. of NaOtBu to the Mn complex 1.
free HNPNPiPr ligand free HNPNPiPr ligand S13 6.4 NMR of the hydroxide species 7 Figure SI11 . 31 P NMR (296 K, 121.5 MHz, C 6 D 6 ). Addition of 10 eq. of H 2 O to amido species 8.
6.5 NMR of the formate species 11 Figure SI12 . 31 P NMR (296 K, 121.5 MHz, C 6 D 6 ). Addition of 10 eq. of formic acid to amido species 8. Spectrum was recorded after stirring for 1 hour. The amido species was generated in-situ by adding 3 eq. of NaOtBu to the Mn complex 1.
free HNPNPiPr ligand S14
IR investigations
Addition of KOH to 9:1 MeOH/H 2 O solution containing Mn-iPr catalyst 1
To a 9:1 MeOH/H 2 O solution containing 10 mM Mn-iPr catalyst in a Schlenk flask sequentially 0.5/1/10/800 eq. KOH were added (by the addition of a 8 M aqueous KOH sol.) and each time samples were taken and IR spectra were measured . Simultaneously, the same procedure was performed without catalyst in order to obtain IR background spectra.
Reaction monitoring
The 9:1 MeOH/H 2 O solution containing 10 mM Mn-iPr catalyst and 8 M KOH in a Schlenk flask with condenser was stirred for 1 hour before 0.5 mL sample was taken and measured by IR and NMR spectroscopy. The solution was heated to 90 °C and another sample was taken after the solution was stirred for 5 min at that temperature. Subsequent samples were taken after 120 min and 300 min. For referencing purposes, formic acid was added to a 9:1 MeOH/H 2 O solution containing 8 M KOH and measured. A reference solution without catalyst was measured for all samples for background.
Computational studies
In our previous studies we have computed the structures, stabilities and catalytic properties of a set of PNP-ligand-based transition metal pincer complexes (M = Fe, Ru, Os, Mn, and Ir) in the hydrogenation and dehydrogenation reactions, where we have validated different density functional methods on the basis of experimental evidences. It is found that the B3PW91 2 density functional theory method in conjugation with the all-electron TZVP basis set 3 (LANL2DZ 4 for Ru, Os, and Ir) has the best agreement between computation and experiment in structures and energies. In this study, we have used the same models and methods for investigating the methanol water reforming reactions; i.e.; all stationary structures were optimized and subsequently characterized at the B3PW91/TZVP level either as energy minimums without imaginary frequencies or transition states with only one imaginary frequency by frequency calculations; and the imaginary model connects the initial and the final states. The thermal corrections to Gibbs free energy at 298 K from the frequency analysis are added to the total electronic energy, and we therefore used the corrected Gibbs free energy (G) at 298 K for our energetic discussion and comparison. All calculations have been carried out by using the Gaussian09 program package 5 .
With the availability of the experimental recorded IR spectra for the bromide complex 1, we scaled the computed harmonic CO stretching frequencies. We obtained an average scaling factor of 0.9452 for the CO stretching frequencies; and this factor can be used to scale all CO frequencies of other complexes for the discussion of their changes upon the change of the reaction condition. Figure SI14 . DFT-calculated IR spectra for a range of Mn species with an extended scaling of the xaxis up to 1500 cm -1 . 
